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.
, 

. 
  ,

, 
. 

.
, 

 180400  20 . 
, 

, . 
, . 

, 
, 

, 
. . 

, 
, . 

, .

,
.

: . 
, , .

, 
, . 

, 
, .

. 
. 

, 
: Motorola, Siemens, Sony, Samsung, Micron, Toshiba, Texas

Instruments, NEC, Intel, AMD…..
,  – 

,  – . 
, 

.

1. 

1.1. 
.

, , 
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. 
, 

.
,

. ,
)(tx .

 ( ) 
. , 

x , .

: , .

 ( )
t .  

) )()( nxtnx , : t  -  ( ) , 
n n = 0, 1, 2,…..  .  ( .

1.1).

x

0 1 2 3 4 5 6 7 8 n

x(1) x(2)

x(3)

x(4)
x(5)

x(6)

x(7)

x(8)x(0)

t)t = n(

. 1.1. 
)(tx

)(nx .
t1f / . 

, 
,

f
.

)(nx , 
, . 

 ( .1.2.):



5

x

0 1 2 3 4 5 6 7 8 n

x(1)

x (2)

x(3)

x(4)
x(5)

x(6)

x(7)

x(8)
x(0)

t)t = n(
1
2
3

5
6

4

7 x

. 1.2. 
x

.  :
)/(max 1Nxx , N - .

 0 2x / .

 ( ) , 
.

) )(nx ,
)(0x , )(1x , )(2x …., 

. 
 ( ). 

, .
, 

-
(Analog-Digital Converter).

.
 (

), 
 - .

:
o q – , ;
o n  – , 

.

nqN . 
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 – : qnNI 22 loglog . 
.

, , 
10q , 2n . :

710log2I 2 . .  7 
.

...21 III , iI -  i- .

1.2. 
. 

 ( ) .
, 

, . 
.

.
 - , ,

. , . , ,
 ( ). , ,  V 

, . 
.

 - , 
 ( ) , . 

. 
, .

.
. q

, 
. 

 0   9,   q  =  10;   0   1,   q  =  2.
, . 

, .

, 
. 

.
q

:

...... 2
2

1
1

1
1

2
2

1
1 qaqaqaqaqaqaA o

o
n

n
n

n , ( 1.1)

n - , ai
q , .

: ...,... 21121 aaaaaaA on . 
 ( , , 

). , . 
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q , , 
. .

. 
  8, 16  10.

 2  (1.1)
ai 0  1.  (1.1) 

:

....... 2
2

1
1

1
1

2
2

1
1 222222 aaaaaaA o

o
n

n .          (1.2)

, 
, b ,

. ,  (1.2):

2526212020212021210111010b 21o1234 ,,

, n
: n2lognI 2  ( ). 

.

: 0, 1, 2, 3, 4, 5, 6, 7. 
 (1.1) :

....... 1
2

1
1

1
1

2
2

1
1 888888 aaaaaa o

o
n

n . (1.3)

 O, Q  q. :

252506828281878424712q 1023 ,, .

, n :
n38lognI 2  ( ).

 16 : 0, 1, 2, 3, 4, 5, 6,
7, 8, 9, A, B, C, D, E, F.

16:

....... 2
2

1
1

1
1

2
2

1
1 161616161616 aaaaaaA o

o
n

n .           (1.4)

 H, h, .
:

25286216416E16216B4E2hB 1o12 ,, .

, n :
n416lognI 2  ( ).

 1.1.  0  19 
.

 1.1.
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0 1 2 3 4 5 6 7 8 9
 b0 b1 b10 b11 b100 b101 b110 b111 b1000 b1001
 q0 q1 q2 q3 q4 q5 q6 q7 q10 q11
 h0 h1 h3 h3 h4 h5 h6 h7 h8 h9

 10 11 12 13 14 15 16 17 18 19
 b1010 b1011 b1100 b1101 b1110 b1111 b10000 b10001 b10010 b10011
 q12 q13 q14 q15 q16 q17 q20 q21 q22 q23
 hA hB hC hD hE hF h10 h11 h12 h13

, 

.
, ,

,  3 . 
, . 

. 1.1.
: b001 101 111 110, 001 = q1576,1.

, 
: b1111 1000 1011 1110, 1000 = h7C5F,8.

1.3. 

. 
, 

. :
, , .

 ( . 1.2):
 1.2

0 + 0 =  0
0 + 1 =  1
1 + 0 =  1
1  +  1  =  1  0

, . .
. 

 ( ) . :
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 1 0 1,  0 1
+ 0 1 0,  0 1
 1 1 1, 1 0  

 « » .

. 1.3):
 1.3

0 - 0 =  0
1 - 0 =  1
1 - 1 =  0
0 - 1 = 1 1

, . .
. 

 ( ) . :

1 0 1, 0 1
- 0 1 0, 0 1

0 1 1, 0 0
 « » .

. 1.4):
 1.4

0  0 = 0
0  1 = 0
1  0 = 0
1  1 = 1

. 
 0, 

 0, , 
,  1. 

. :
   1 0 1  

1 0 0 1  
   1  0  1
  0 0 0   
 0 0 0
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1  0  1
1 0 1 1 0 1  

,
, , 

. 
, .

.
 ( ) 

. . 
. 

, , 
 0. 

. :

 1 0 1 1 0 1 1 0 1
 1 0 1    1 0 0  1
   0  1  0  1
   0  1  0  1
   0  0  0  0

1.4. 

 ( ). 
.  16, 32 . 

. 
, 

. ,  1,
 – .

 « »
.  0 ,  1 – .

. 1.3  8- , 

. 02 62 .

7 6 5 4 3 2 1 0

2 6 2 5 2 4 2 3 2 2 2 1 2 0

. 1.3. 
 8-  b01111111 =

127 = 127  b1111 1111 = )( 127  = -127.
. 1.4  8- , 

. 72 12 .
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7 6 5 4 3 2 1 0

2-1 2-2 2-3 2-4 2-5 2-6 2-7

. 1.4. 
 b01111111 

b11111111 =  ( 721 ) = 0,9921875. 
, ,  b00000001  b10000001

72 = 1/128 =  0,0078125.
, 

, . 
.

1.5. 
, 

, .
n - :

011n2n1n aa...aaaA ,

:
.0,1
,0,0

a 1n

, , 

1na  ( . 1.3) 
12n

,  ( . 1.4) - 120
.

A][

:

.0,A2
,0A,A

]A[ 1n (1.5)

:

.0,A1
,0A,A

]A[ (1.6)

, ,
: , 

. 
. 

, 
. 

: .

 1, 
.
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,  +12  8-     
b00001100,    -12  -  b11110011. 

.
A][ , , 

, 
. n- :

AA n 12][ ,  – ,

,][ )( AA n 122  A – .

n    

 b11….0 = -1  b10….0 = )( 12 1n .  8-

 -0  -127.  b11……10 = )( 12 n

b100…..00 = )( 121 n .  8-  – 1/128  – 127/128.
, 

. ,  8-  +0 = b00000000,  – 0 =
b11111111.

, ,
. 

.

A][ :

AA n2][ ,  – ,

,][ AA 2  A – .

: 1AA ][][ . 

,  1.

b100….000= - 12n  b11….1111= -1. 
0  – 128.

 b100….00 = -1  b11….11 =
)( 12 n .  –1  -1/128.

» 0 . 
,  – 

,  0 :  – 0 = + 0 = b000….00.
, ,

 1 . 
.

. 1.5 
 +127   -128 , .
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1.5.

+127 b01111111
+126 b01111110

+7 b00000111
+4 b00000100
+3 b00000011
+2 b00000010
+1 b00000001
+0 b00000000

- 128 b1000 0000
- 127 b11111111 b1000 0000 b1000 0001
- 126 b11111110 b1000 0001 b1000 0010

- 7 b10000111 b1111 1000 b1111 1001
- 4 b10000100 b1111 1011 b1111 1100
- 3 b10000011 b1111 1100 b1111 1101
- 2 b10000010 b1111 1101 b1111 1110
- 1 b10000001 b1111 1110 b1111 1111
- 0 b10000000 b1111 1111 b0000 0000

1.6. 
 BCD-  (Binary Code Decimal) 

.
 BCD-

 ( ):

0
0
0

0
1

0
2

0
32

2
0

2
1

2
2

2
31

1
0

1
1

1
2

1
30121 }....{}{}{... aaaaaaaaaaaabbbbB n

nnnn
n

nnnn
nn ,

: jb - ,

j
ia

 - ,
i = 0..3 - ,

     j = 0..n-1- .
. jb

:

00113243 dadadadab jjjj
i ,

id - i- .
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 BCD-  8421 

, 12i
id .

 -  BCD- .
 16  6 .  8421 : 1010, 1011,

1100, 1101, 1110, 1111.  BCD – 
,  - . ,

 bcd. , 79 = b1001111 = bcd01111001
. 1.6  BCD-

 .
 1.6

 BCD-  8421

BCD  8421 BCD  8421
10 0001 0000 20 0010 0000
11 0001 0001 21 0010 0001
12 0001 0010 22 0010 0010
13 0001 0011 33 0011 0011
14 0001 0100 34 0011 0100
15 0001 0101 45 0100 0101
16 0001 0110 56 0101 0110
17 0001 0111 67 0110 0111
18 0001 1000 78 0111 1000
19 0001 1001 89 1000 1001

,
.
  ib : B = - 0121 bbbb nn ... , :

:
01211 bbbbB nn ...][ ,

:

01211 bbbbB nn ...][ ,
:

01211 bbbbB nn ...][ ,

: b -  9, b  -  10.
 BCD-

. 

15124 ,  9. 
. , 

 BCD-  6 = b0110 
. .
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,  – 256 
:

256  =  0000 0010 0101 0110
+ 0110 0110 0110 0110

0110 1000 1011 1100
1001 0111 0100 0011 - 256 

+      1
1001 0111  0100  0100 - 256 

1.7. 

 ( ,
)  2 (8, 16), . 

. 
,  2-  (8- , 16- ) , 

, . 
.  2 (8, 16),

 2 (8, 16). , 
.

,  53 
:

53:2 = 26:2 = 13:2 = 6:2 = 3:2 = 1
)      1     0     1    0    1 1 ( )

: 53 = b110101.
 128 

:
128:8 = 16:8 = 2

)       0     0 2 )
: 128 = q200

. 
, 

.  <1, 
 0;  1,  1. 

, . 
,  1, 

.

 0,375.
0,375 2 = 0,75 2 = 1,5 – 1= 0,5  2 = 1

)     0     1 1 ( )
: 0,375 = b0,011.

, 
,  1. 

, 
.

,  0,3437510 :
0,34375 2= 0,6875 2= 1,375 – 1= 0,375  2= 0,75 2= 1,5 - 1=0,5 2= 1
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) 0 1 0 1 1 ( )

: 0,3437510 = b0,01011

 ( )
 8 (16). , , 

,  0.  8
(16), .

,  0,0625 :
0,0625 8 =  0,5 8 = 4

)   0 4 ( )

: 0,0625 = q0,04

 (1.2).
,  b110101 

:

b110101 = 012345 212021202121 = 32+16+4+1 = 53.
 q200 :

q200 = 012 808082  = 128
, 

.
 BCD-

 4-  BCD-  8421: B = 0123 bbbb , 

: iiii
i aaaab 0123 . i

= 0, 1, 2, 3. ,  B :
0

0
1

1
2

2
3

3 10101010 bbbbB

 BCD i

BCD i10  .  10 = 8 + 2 = A][ , :

10
0

0
1

0
2

0
30 }{ aaaab ;

)(}{)()(}{ 2562
0

2
1

2
2

2
3

332
0

2
1

2
2

2
32 2222222 aaaaaaaab ;

)2222(}aaaa{)22()22()22(}aaaa{b 457103
0

3
1

3
2

3
3

3333
0

3
1

3
2

3
33

;
k2  k .

, 
. .  3 

,  1 , 
. 

. . .
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, 
:

0
3a 0

2a 0
1a 0

0a

+ 1
3a 1

2a 1
1a 1

0a

+ 1
3a 1

2a 1
1a 1

0a

+ 2
3a 2

2a 2
1a 2

0a

+ 2
3a 2

2a 2
1a 2

0a

+ 2
3a 2

2a 2
1a 2

0a

+ 3
3a 3

2a 3
1a 3

0a

+ 3
3a 3

2a 3
1a 3

0a

+ 3
3a 3

2a 3
1a 3

0a

+ 3
3a 3

2a 3
1a 3

0a

,  25 = bcd00100101 
:

0  1  0  1
+ 0  0  1  0
+ 0  0  1  0
=  0  0  0  1  1  0  0  1

: 25 = bcd 00100101 = b11001
 BCD-

 - ,
. ,

 10=b1010, .
,  b110001 = 49  BCD.

 b110001  6 :
1) 1 10001
2) 1 1 0001
3) 1 1 0 001
4) 1  1 0 0 01

  +0110 0  1  1  0
1 0 0 1 0 01

5) 1  0  0  1  0  0  1
6) 1  0  0  1  0  0  1

: 49 = b110001 = bcd 0100 1001.
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1.  8- : )
0,0101010, ) –0,1001001, ) 0,1100110, ) -1000100, ) –0,1001100.

2.   : ) -0,10101010, ) -
0,10010010, ) -0,11001100, ) -0,10001000, ) -0,1001100.

3. : ) -0,10101010, ) -0,10010010, )
-0,11001100, ) -0,10001000, ) -0,1001100.

4. , 
: ) =0,101010, =-0,01001 )  =-0,1001001, = 0,1110101 ) =0,11001100, =-

0,01001 ) =10001000, ) =-10011001.
5. , : )

=0,101010, =-0,01001 )  =-0,1001001, = 0,1110101 ) =0,11001100, =-0,01001 )
=10001000, ) =-10011001.

6.   , 
: ) =0,543, =0,777, ) =0,492, ) =0,321, ) =-109, =375

) =-777, =445.
7. 

: ) 127, ) 36, ) 255, ) 155.
8. 

: ) 9, ) 9 , ) 7F, ) 2, ) 56.
9. 

:  ) 2, ) 7 , ) 5E, ) D, ) F6.
10. 

 0,0001: ) 10101010, ) 10010010, )
0,110011, ) 0,10001, ) 0,1001101.

11. 
: )

2002, ) 156, ) 0,255, ) ,934, ) 0,10017.
12. : ) 10111010,

) 0,1001001, ) 0,11001100, ) 10001000, ) 0,1001100.
13. 

: ) 123, ) 0,456, ) 0,765,
) 1875, ) 0,555.

14. : ) b11111111,
) hFFFF, ) q7777.

15. : ) 67, ) 245, )
b11001100, ) b10001000, ) b01001100.

16. 
: ) bcd10101010, ) bcd10010010, ) bcd11001100, ) bcd10001000, ) bcd01001100.

2. 

,  18 .  (
) . 

, ,
, .

 0  1. 
.
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.
 0  1 . 

 VL (Voltage Low),
 -  VH (Voltage High).

. ,
,  - .

2.1. 
)xn,...2x,1x(f

, , : 0  1. 
, 

. ,  n
n2N : 

 – 4,  – 16 . 
. 

 2.1  2.2.
 2.1.

0  1
0f1  0 0  0

xf2 0  1

xf3 1  0

1f4  1 1  1

 2.2

2
00 01 10 11

2x1xf1 0 0 0 1

2x1xf2 0 1 1 1

2x1xf3 1 2 1 1 0 1

2x1xf4 2 1 1 0 1 1

2x1xf5 2 0 0 1 0

2x1xf6 1 0 1 0 0

2x~1xf7 1 0 0 1

2x1xf8  2 0 1 1 0

2x/1xf9 1 1 1 0
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2x1xf10 1 0 0 0

1xf11  x1 0 0 1 1

2xf12 2 0 1 0 1

1f13  1 1 1 1 1

0f14  0 0 0 0 0

1xf15 1 1 1 0 0

2xf16 2 1 0 1 0

)xn,...2x,1x(f . 
, . 2.1  2.2,

, .
, , ,

. , 3x2x3x1x2x1xf  -

, .
,

. , -
:

o 2x1xf1  ( ), 2x1xf2  ( ) xf3  ( ),

o 2x1xf1  ( ), 2x1xf8  (  2) xf3  ( ),

:
o 2x1xf2  ( ) xf3  ( ),

o 2x1xf1  ( ) OHO VU  ( ),

, :
o 2x/1xf9  ( ),

o 2x1xf10  ( ).

, , .
, 

. ,
, . 

:
o 2x&1x2x1x2x1xf1  ( , , ,

AND),
o 2x1xf2  ( , , , OR),
o 2x~1xf7  ( , , XNOR),
o 2x1xf8  (  2, , ,

XOR).
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o 2x/1xf9  ( , , NAND),

o 2x1xf10  ( , , NOR).

o 1x1x!1f15  ( , , NOT),

2.2. 
. 

. .
 ( ) 

, , :
1x2x2x1x 1x2x2x1x (2.1)

 ( ) 
:

3x)2x1x()3x2x(1x 3x)2x1x()3x2x(1x ( 2.2)
 ( ) . 

. 
.

3x1x2x1x)3x2x(1x )3x1x()2x1x()3x2x(1x (2.3)
. 

.
:

1x)2x1x(1x 1x2x1x1x ( 2.4)
:

xxx xxx ( 2.5)
:

0xx 1xx ( 2.6)
:

xx ( 2.7)

2x1x2x1x 2x1x2x1x ( 2.8)

 (2.8) . 
 ( ) , , 

, 
.

2.3. 

, 
. , n n2N

, , n
n2N . ,  2.3 

0x1x2xy .
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 2.3 .

2x 1x 0x y
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 1

) 
.

 – , 
,  1,

,  0. n
n2N . , 

 2.4
 2.4

x2 x1 x0

0 0 0 0 0120 xxxm

0 0 1 1 0121 xxxm

0 1 0 2 0122 xxxm

0 1 1 3 0123 xxxm

1 0 0 4 0124 xxxm

1 0 1 5 0125 xxxm

1 1 0 6 0126 xxxm

1 1 1 7 0127 xxxm

:

1q1q1100 ym...ymymy , ( 2.9)

iy im - , i

)1q...0i( .



23

, :
o , 

;
o .
o .

, ,  2.3 

:

012012012012 xxxxxxxxxxxxy

, 
, .  n 

, , 
n2N . 

, .
, 

. 
, .

. . 2.1 , . 2.1b,
, 

0x~1xf7  2.2.

x1x0 x1x0

x1x0 x1x0

x0
x1 0 1

0

1

0

0 1

x0
x1 0 1

0

1

1

a) b)

.

. 2.1 . 
 ( . 2.1) 

.
 8  2

 ( . 2.2). 
x0 x1. , 

, . 
0x1x2xy . 2.3).
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1

1 0

x1x0
x2 00

0

1

01 11 10

0 0 1

1 0
.

. 2.2. 
 ( . 2.2) . ,

0x1x2x : 0x1x2x , 0x1x2x

0x1x2x .
  16 

. x0  x1 , 
x2 x3 -  ( . 2.3).

1

1 0

x1x0
x2x3 00

01

11 10

0 0 1

1 0
.

1

1 0

0 0 1

1 0

00

11

10

01

. 2.3. 

x2 x3.
, 

. 
. : 3x2x1x0xy .

, 
. 

, .

 ( )
, .

.  2- , 4- , 8-
. , , 

, 
. 

. , . 2.14 
, 

.
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0

1 0

x1x0
x2x3 00

01

11 10

1 1 1

1 1
.

0

1 0

1 0 0

1 1

00

11

10

01

. 2.14. 

, : 1x2x3x1x2x0x1xy .

3. 

,
. 

.

. 
 2.743-82. 

 milspec. 

 3.1.
 3.1

 ( , NOT) 1

 ( , AND)
&

 ( , OR)
1



26

 ( , NAND)
&

 ( , NOR)
1

 (XOR)
=

(XNOR)

=

,
. 

, 
.

- VO (Voltage Output)
VI (Voltage Input). . 3.1, , 

 (NOT).

VO
VOH

VOL
VIL VIH VI0

. 3.1.  ( NOT)
. 

VOL (Voltage Output Low),  - 
: VOH (Voltage Output High),  - 
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. , , 
: VIL (Voltage Input Low) VIH (Voltage Input High),

 - :
VOLVOHV .          ( 3.1)

. , . 
, 

.  0
: VIL - VOL.

, , ,
.  1

:
VOH - VIH:

V VIH - VIL ( . 3.1). 
, ,

Vcc/2, ccV - ,
: VOL=0; VOH=Vcc; VIL=VIH=Vcc/2.  3.2 

, , .

VO
VOH=Vcc

VOL=0

VIL=VIH=Vcc/2
VI0 Vcc

. 3.2. 

 ( . 3.3).

VO
VOH

VOL
VILVIH VI0

. 3.3.. 
: VIL>VIH  ( VIL=Vcc  VIH=0)

Vcc.
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. ILI
, IHI  -

.

,
, . 

 4  10. 
 30 50 .

.
Vcc : 0ccI VO=VOL 1ccI VO=VOH

. 
, :

)II(V5,0P 1cc0cccc ( 3.2)

ccV , .

, 
,  ( . 3.4).

,  Vo VI
, .

VO

VI

tPLH tPHL

t

t

(VIH+VIL)/2

(VIH+VIL)/2

. 3.4. 
tPHL (Propagation Delay time High to Low Level) tPLH

((Propagation Delay time Low to High Level)

 (VIH+VIL)/2.
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, :
tPDPAS ,          ( 3.3).

tPD = 0,5(tPHL+tPLH) -  ((Propagation
Delay).

SA 410 .

: , k - , - . 

KT 300 : 9104 .

. , 
, 

. 
.  5 10% .

. , 
. 

 -10  +70 . , 
 ( , .), 

 - 60  +125 .

. , ,
, 

. , 
, . 

.

: 5 , 3,3 , 2,5  1,8 .
 3 :

o  (bipolar logic).
o (CMOS logic).
o (BiCMOS logic).

. 3.5 , 
. 

, , 

. , 
.
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. 3.5. 

, 
. Texas

Instruments  1963 . , 
, 

. , 
 CMOS- .

 TTL, 
. 3.6.

. 3.6.  TTL-
,  

 “ ” ,  “ -
” - . p-n-

.

VOL, 
IIL ccV  = 5 R1
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 “ ” VT1 . 
R1

. VT1 : VOL+0,7,  0,7 -
 “ ”.  “ ”

VT1,  “ ” VT2,
, VOL< 0,7 . VT2

.
VT4

VT3.  VT2 Vcc
R2 VT3 . VT3, VD3

R4 . 
VOH  2,6 .

,
VT1  “ ” 

VT2. VT2 . 
VT4. 

, .
VOL , 

 0,3 .
, Y=0 X1=X2=1,

. , 
,  TTL-

, .
 ( . 3.6) 

VD1  VD2, 
. 

.
R4 VT4

VT5 , , 
. 

. 

0,1 .

.  S (Schottky)  LS (Low
Schottky). .

. 
Fairhild Camera and Instrument Corporation

 F (Fairhild) . AS (Advanced Schottky) -
,  ALS (Advanced Low Schottky) - .

 3.2. 
.

 3.2

 ( ) tPD ( ) As ( ) VOL ( ) VOH ( )
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 ( ) tPD ( ) As ( ) VOL ( ) VOH ( )

TTL 155 10 9 90 2,4 0,4
S 531 19 3 57 2,6 0,45
LS 555 2 9,5 19 2,6 0,45
F 1531 4 3 12 2,5 0,45

ALS 1533 1,2 4 4,8 2,5 0,4
AS - 8 1,75 14 2,4 0,45

, 
, . 

 10. 
 30 50.

CMOS- 
CMOS (Complimentary Metal Oxide Semiconductor)  -
.  - 

,  MOS-  n-  p-  ( . 3.6)

. 3.7.  CMOS-
VI<VIL VT2 , VT1 -

. VO=VOH Vcc. , 
VI>VIH, VT1,   - VT2. :
VO=VOL 0. , ,

XY . ,
, , 

. 
CMOS-  3  15 . 

.

. 
. 

Vcc f:
2

ccVfCP . (3.4)

 0,1 0,3 .  (  0,05 )
, .
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.
3.8.

. 3.8.  CMOS-

 p-n-p: 
VT1 VT2, . X1=X2=1.

 ( . 3.9).

. 3.9.   CMOS-
 CMOS  CD4000A  RCA 

70-  (  -  176).  +9 .
 CMOS- , 

 15 . 
 CD4000B (  561)  15

 50 ,  LOGMOS 4000  Philips 
 15  -  15 .  CMOS-

.
 CMOS Texas Instruments.

C/ACT (Advanced CMOS Logic) 
 1-  CMOS . AC  CMOS-

,  ACT  TTL .
 AHC/AHCT (Advanced High-Speed CMOS Logic) 

. AHC 
CMOS- ,  AHCT -  TTL .

ALVC (Advanced Low-Voltage CMOS Technology) 
 3 .  0,6  CMOS

.
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 3.2.
 CMOS-

Vcc ( ) tPD ( )
CD4000A 176 9
CD4000B 561 15 25

HC 1564 4.5 8.8
HCT 4.5 8
AC 1554 5.5 4.5

ACT 5 8
AHC 2..5,5 5

AHCT
LVC

ALVC 3.3 2.2

BiCMOS 
 BiCMOS (Bipolar CMOS)  80-

.  TTL-
 CMOS.

. 3.10  Bi MOS- , 
 CMOS  TTL.

. 3.10.  BiCMOS-
 CMOS-

 VT1  VT2, 
 R1  R2, 

.  CMOS- ,
 R1  R2 . 

 VT1  VT2.  R1, R2
,  VT3  VT4,   

. , 
, ,

 CMOS- .
ABT (Advanced BICMOS Technology)

. 
 0.8- , 

 64 mA  5 , 
. 

 (  180 mA).
LVT  (Low-Voltage BiCMOS Technology)  0,8- ,

 3- . 
 LVT  – .  5-  ABT

 LVT  64 
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 4 , 
 150 .

 BiCMOS 
 (pull-up resistors)  (Bus Hold) .

 ( ) .
 1.

Bus Hold , 
 ( . 3.10).

1

1

I/O pin

. 3.10. Bus Hold 
 « » 

, , . 
.

 (Series-damping resistors)
 25 . ,

 25 .
 3.2  BiCMOS .

 3.2
 BiCMOS 

 (B)  ( c)  ( ) IOH, IOL, 

74ABT 5 3.6 200 -32 64

74LVT 3.3 2.2 >150 -32 64

. 
. 

 JEDEC (Joint Electron Device Engineering Council),
 EIA (Electronic Industries

Alliance).
 3.3, 

,  JEDEC (www.jedec.org)
 3,3 :

http://www.jedec.org
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 3.3
2x1xf5 =  3,3

 ( )  ( )
 LVT (BiCMOS)

VOH 2,4
VOL 0,4
VIH 2 Vcc+0,3
VIL -0,3 0,8

 ALVC (CMOS)
VOH Vcc-0,2
VOL 0,2
VIH 2 Vcc+0,3
VIL -0,3 0,8

, 
 VOH 

 VIH,  VOL
 VIL. 

, 
.

4. 

 ( ) : , , , , ,
, , 
. ; , , 

. 
 14 . 

. . 4.1- 4.4  TTL- , 
.

1533 1

)
      1533 1                      1533 3                      1533 6

 2 )   (  3 )   (
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)

. 4.1. 

1533 3 1533 4  1533 1           1533 2
)   (  3 )   (  4 )     8

. 4.2. 

1533 1 (
 2 )

1533 1 (
 2 )

1533 4 (
 3 )

1533 7 (
 5 )

. 4.3. 

1533 5 ( 533 3 (
530 9  ( 530 11 (
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)
)

4-2-3-2 -4 )

2-2 -2 )

. 4.4. , , , 

, 
 ( . 3.2), 

 - . 

=5 : BU 7,10 , U1 0 9, . 
 - 0,8 . 

. 

 ( . 4.5.).

, .

1533 2 (
)

1533 3 (
 2 )

1533 1 (
 4 )

. 4.5.  TTL-

5. 

. 
, 

. 
, 

, .

, 
. 
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, 
 TTL-  ( .6.1).

. 6.1.  TTL- . 6.2. 

 “ ”
, .

.  TTL 
.  « » 

 30 .

, , . 6.2.
 TTL 

..

, . 
.6.2 Y1=Y2=1, 

: 21 YYY . 
  c  “

”.

.

 ( .6.3).

1533 17 ( 1533 2 ( 1533 4 (
 3

1533 12 (
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)
) )

)

.6.3. 

. 6.4 .
(Enable Output).

 TTL- VD2
DD1. , 
DD1 VT2  

VD2. VT2 , 
VT3

VT4. 
, . 

EO , ,
Y X . 

.

. 6.4.  TTL-
. 

. 
,

 (bus driver).
- . 

. 
. 6.5  6.6.

, 
, . 

. 6.5  6.6  #EO
(Enable Output).  # .
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1533 8 (

)

530 17 (
 4

)

1533 5 (

)

. 6.5. 
1533 8  # =0

. ,   # =1, 
. 

#  1533 17  1533 5. 
,  # =0 DI

(Data Input) DO (Data Output).

6. 

. 
.

. 
, 

 TTL,  CMOS- .

,
: , ,  “1  N” .

. 
 ( ), 

. 
 8421, 

 8421. ,  579 
 12- : 0101 0111 1001.

 10 
 16 , 

.
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. ,  155 7 ( . 8.1) 
.

. 8.1.  155 7 ( )
 5 : 0 4. , 

0 Y0
Y0=X0 . 

Y0 Y5
 #EO. 

.
 8.1.

155 7

EO 5 4 3 2 1 Y6 Y5 Y4 Y3 Y2 Y1
1 x x x x x 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 1
0 0 0 0 1 0 0 0 0 0 1 0
0 0 0 0 1 1 0 0 0 0 1 1
0 0 0 1 0 0 0 0 0 1 0 0
0 0 0 1 0 1 0 0 1 0 0 0
0 0 0 1 1 0 0 0 1 0 0 1
0 0 0 1 1 1 0 0 1 0 1 0
0 0 1 0 0 0 0 0 1 0 1 1
0 0 1 0 0 1 0 0 1 1 0 0
0 0 1 0 1 0 0 1 0 0 0 0
0 0 1 0 1 1 0 1 0 0 0 1
0 0 1 1 0 0 0 1 0 0 1 0
0 0 1 1 0 1 0 1 0 0 1 1
0 0 1 1 1 0 0 1 0 1 0 0
0 0 1 1 1 1 0 1 1 0 0 1
0 1 0 0 0 0 0 1 1 0 1 1
0 1 0 0 0 1 0 1 1 1 0 0
0 1 0 0 1 0 1 1 1 0 0 0
0 1 0 0 1 1 1 1 1 0 0 1
0 1 0 1 0 0 1 0 0 0 1 1
0 1 0 1 0 1 1 0 0 1 0 0
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EO 5 4 3 2 1 Y6 Y5 Y4 Y3 Y2 Y1
0 1 0 1 1 0 1 0 0 0 0 0
0 1 0 1 1 1 1 0 0 0 0 1
0 1 1 0 0 0 1 0 0 0 1 1
0 1 1 0 0 1 1 0 1 1 0 0
0 1 1 0 1 0 1 0 1 0 0 0
0 1 1 0 1 1 1 0 1 0 0 1
0 1 1 1 0 0 1 0 1 0 1 1
0 1 1 1 0 1 1 0 1 1 0 0
0 1 1 1 1 0 1 1 0 0 0 0
0 1 1 1 1 1 1 1 0 0 0 1

 155 6, .

, 
. 

. , 
. 

. . 8.2 
 15.

 8.2.

X3 X2 X1 X0 Y3 Y2 Y1 Y0
0 0   0   0   0 0   0   0   0
1 0   0   0   1 0   0   0   1
2 0   0   1   0 0   0   1   1
3 0   0   1   1 0   0   1   0
4 0   1   0   0 0   1   1   0
5 0   1   0   1 0   1   1   1
6 0   1   1   0 0   1   0   1
7 0   1   1   1 0   1   0   0
8 1   0   0   0 1   1   0   0
9 1   0   0   1 1   1   0   1
10 1   0   1   0 1   1   1   1
11 1   0   1   1 1   1   1   0
12 1   1   0   0 1   0   1   0
13 1   1   0   1 1   0   1   1
14 1   1   1   0 1   0   0   1
15 1   1   1   1 1   0   0   0

, Y0, Y1, Y2, Y3 X0, X1, X2, X3
:
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010,121,232,33 XXYXXYXXYXY (8.1)

 (8.1) 
, . 8.2.

. 8.2. . 8.3. 

. X i Y i
:

01230,1231,322,33 YYYYXYYYXYYXYX     (8.2)

. 8.3.

(Decoder)  «1 
N».  “1  N”  N  0  N-1  N YN .

 N.  n ,

2n N .  ,   “1   8”  ( .  8.3)   3  
X0 X2  8 Y0 Y7.

 7._.
 3 8.

N X2    X1    X0  Y7   Y6   Y5   Y4   Y3   Y2   Y1   Y0
0  0 0 0  0 0 0 0 0 0 0 1
1  0 0 1  0 0 0 0 0 0 1 0
2  0 1 0  0 0 0 0 0 1 0 0
3  0 1 1  0 0 0 0 1 0 0 0
4  1 0 0  0 0 0 1 0 0 0 0
5  1 0 1  0 0 1 0 0 0 0 0
6  1 1 0  0 1 0 0 0 0 0 0
7  1 1 1  1 0 0 0 0 0 0 0

.



45

,,, 321023210132100 XXXXYXXXXYXXXXY

,,, 321053210432103 XXXXYXXXXYXXXXY

3210732106 XXXXYXXXXY ,
. 8.4 .

555 6 (  4 10) 1533 3 (  4 16) 1533 7 (  3x8)

. 7.4. 
 #E1, #E2, E3 (Enable) .

 1533 3 021 EE ,  1533 7 – 

13021 EEE , . 
.

  
. 7_.  4 

. 
. , . 7._ 

 1533 7.
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DC
DI DO
1
2
4

0
1
2
3
4
5
6
7

&
E1
E2
E3

1
2
3

4
5
6

7
8
10
11
12
13
14
15

DC
DI DO
1
2
4

0
1
2
3
4
5
6
7

&
E1
E2
E3

1
2
3

4
5
6

7
8
10
11
12
13
14
15

x2
x3
x4

Vcc

x1 y0
y1
y2
y3
y4
y5
y6
y7

y8
y9
y10
y11
y12
y13
y14
y15

. ____. 

. 
, 

.

, 321321321 xxxxxxxxxy
 7.5  3 8 .

DCDI
DO

1
2
4

0
1
2
3
4
5
6
7

1

x1
x2
x3

y

x1x2x3

x1x2x3

x1x2x3

. 7._. 
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, 
. (a, b, c, d, e ,f, g),

 0  9 ( . 7.6).
a
a

f
g

b

e c

d

. 7.6. 
 ( )

,  7.6.
 7.5.

N X3  X2  X1  X0 a b c d e f g
0  0 0 0 0 1 1 1 1 1 1 0
1  0 0 0 1 0 1 1 0 0 0 0
2  0 0 1 0 1 1 0 1 1 0 1
3  0 0 1 1 1 1 1 1 0 0 1
4  0 1 0 0 0 1 1 0 0 1 1
5  0 1 0 1 1 0 1 1 0 1 1
6  0 1 1 0 0 0 1 0 0 0 0
7  0 1 1 1 1 1 1 0 0 0 0
8  1 0 0 0 1 1 1 1 1 1 1
9  1 0 0 1 1 1 1 0 0 1 1

. 7.7  514 2,
 8.5.

. 8.7.  514 2 (
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, 
. 

.
BI .

, 
.



 7. _

AC ACT AHC AHCT ALS AS BCT CD4K F FCT HC HCT LS LV LVC S TT
L

1554  1533  561 1531  1564  555   531 155

/
 2 4

138
155

 156
/
 3  8 238

/
 3  8 138

/
 4  10 42

/
 4 16

154
 159

/
 4  10

45
145

- 47
247

-
4511

-

4056
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,  “1  N” 
 (coder).

, , .
 ( . 8.4)

 8.4.
 10 4

N  X8    X7    X6   X5   X4    X3   X2   X1   X0       Y3   Y2    Y1   Y0
0  0 0 0 0 0 0 0 0 0 0 0 0 0
1  0 0 0 0 0 0 0 0 1 0 0 0 1
2  0 0 0 0 0 0 0 1 x 0 0 1 0
3  0 0 0 0 0 0 1 x x 0 0 1 1
4  0 0 0 0 0 1 x x x 0 1 0 0
5  0 0 0 0 1 x x x x 0 1 0 1
6  0 0 0 1 x x x x x 0 1 1 0
7  0 0 1 x x x x x x 0 1 1 1
8  0 1 x x x x x x x 1 0 0 0
9  1 x x x x x x x x 1 0 0 1

 “ ” .
. 8.5 555 3, -

.

. 8.5.  555 3 ( )

, ,
 ( ) 

.
). , , 

, . n

N : N n2 .
,  8 

 ( . 8.8)
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DI

Y

0
1
2
3
4
5
6
7
A
0
1
2

MUX

. 8.8.  8 1
 ( . 8.6) X0 X7

.
 8.6.

              N A2  A1  A0 Y
0  0 0 0 X0
1  0 0 1 X1
2  0 1 0 X2
3  0 1 1 X3
4  1 0 0 X4
5  1 0 1 X5
6  1 1 0 X6
7  1 1 1 X7

:

2107210621052104

2103210221012100

AAAXAAAXAAAXAAAX

AAAXAAAXAAAXAAAXY  ( 8.3)

, 
, 

. n , 
1n . 

nxx ...1 , 
 0,  1, 

1nx , . . 8.9 

012312123123 xxxxxxxxxxxxy .
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DI

Y

0
1
2
3
4
5
6
7
A
0
1
2

MUXx3

1

Vcc

x0
x1
x2

y

. 8.9. 
. 8.9

1531 7  ( ) 1533 2 (
)

. 8.8. 
 1531 7  #E. 

#E=0.  #E=1 Y1=0, Y2=1.
 1533 2 . 

0, 1 DO0, DO1.
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 - 
. , n 

N n2 . ,  nxN,
. ,  3 8 

1533 7 ( . 8.4) :  4, 5
 6.

. 
 0  1, .

 (Comparator) . 
: =, >  <.  

X Y
F1(X=Y), F2(X>Y)  Y3(X<Y) . 3.6)

 8.7.

X Y F1(X=Y) F2(X>Y) F3(X<Y)
0  0 1 0 0
0  1 0 0 1
1  0 0 1 0
1  1 1 0 0

, :

YXFYXFYXF 3,2,1 . 
. 8.9.

. 8.9. 

. , . 
, , . . 8.10

.

Y>X, Y=X, Y<X. Y=X
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. 
, : , 

, 
, 

. 8.10. 1533 1 ( )
.  ( . 8.8) 

 Y  X Y>X, Y=X, Y<X.
 8.8.

1533 1

Y,X
Y>X Y=X Y<X Y>X Y=X Y<X

Y3=X3 x x x x x x 1 0 0
Y3<X3 x x x x x x 0 0 1
Y3=X3 Y2>X2 x x x x x 1 0 0
Y3=X3 Y2<X2 x x x x x 0 0 1
Y3=X3 Y2=X2 Y1>X1 x x x x 1 0 0
Y3=X3 Y2>X2 Y1<X1 x x x x 0 0 1
Y3=X3 Y2<X2 Y1=X1 Y0>X0 x x x 1 0 0
Y3=X3 Y2=X2 Y1>X1 Y0<X0 x x x 0 0 1
Y3=X3 Y2>X2 Y1<X1 Y0=X0 1 0 0 1 0 0
Y3=X3 Y2<X2 Y1=X1 Y0>X0 0 0 1 0 0 1
Y3=X3 Y2=X2 Y1>X1 Y0<X0 x 1 x 0 1 0
Y3=X3 Y2>X2 Y1<X1 Y0=X0 1 0 1 0 0 0
Y3=X3 Y2>X2 Y1<X1 Y0=X0 0 0 0 1 0 1

.
. 

: Y1  Y2,
. 

 ( . 8.9).
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 8.9.

X2 X1 X0 Y1 ( ) Y2 ( )
0 0 0 1 0
0 0 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 0 1

: 12,3211 YYXXXY .

. 8.11.
=0 . 

DI : PE=1, PO=0.
=1 . 

DI PE=0, PO=1.

. 8.11. 1533 5 ( )

. 
, 

.
: 0+0=0, 0+1=1, 1+1=10, 

: S  (Carry).



57

 8.10.

A B S
0 0 0 0
0 1 0 1
1 0 0 1
1 1 1 0

: BASBAC , ,
, . 8.12.

. 8.12. 

. 
: . 

.
 ( . 8.11) : Ai, Bi Ci : 

Si 1iC .

 8.11.

iA iB iC 1iC iS

0 0 0 0 0
0 0 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1

, , :

iiiiiiiiii C)BA(BAC,CBAS 1 ( 8.4)

,  (8.4), . 8.13.
 555 5, , 

. 8.14.
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. 8.13. . 8.14.  555 5 (
)

, .
.

. 8.15 
. 

155 2 ( . 8.16).

. 8.15. . 8.16.  155 2
)

. 8.15

(Ripple
Carry).

(Carry look-ahead).
.  (4.4) 

:

iiiiiiii qgC)BA(BAC 1       (8.5)

gi , ,
Ai Bi . qi , 

, 
 - .

 8.5 :
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00120121222223

0010111112

0001

CqqqgqqgqgCqgC
,CqqgqgCqgC

,CqgC
( 8.6)

.

, 
, . . ,

 8.6 
.

. . 8.17  155 3, 
.

 1533 4 . 8.18.

. 8.17.  155 3

)

. 8.18.  1533 4 (
)

. , 
.

,

. 
. 

.
8.19.
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. 8.19.  1533 3 ( )
X Y

 # , , 
) , 4,

P G, X=Y.
 16

,  16 . 
. . 

 1533 4 ( . 8.18).
 ( . 8.12). 

=1 , =0 – 
.

 8.12.

E3 E2 E1 E0 M=1 M=0

0 0 0 0 X COX

0 0 0 1 YX COYX

0 0 1 0 YX COYX

0 0 1 1 0 CO1

0 1 0 0 YX COYXX )(

0 1 0 1 Y COYXYX )()(

0 1 1 0 YX COYX 1

0 1 1 1 YX COYX 1
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E3 E2 E1 E0 M=1 M=0

1 0 0 0 YX COYXX )(

1 0 0 1 YX COYX

1 0 1 0 Y t1f /
1 0 1 1 YX PLHt

1 1 0 0 1 COXX

1 1 0 1 YX COXYX )(

1 1 1 0 YX COXYX )(

1 1 1 1 X COX

7. 

, 
. 

, . 
: RS- , JK- , D- .

RS-
 RS : S (Set)

R (Reset). ,
. . 7.1 

.

a) )

. 7.1. RS- :  ( )  ( )
R S.  

Q Q . 7.1:

 7.1
 RS 

R S Q Q
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 1 0 1 1 0
 0 1 0 0 1

0 0
1 1 0 0

, 
; 

, ,
. .

. 7.2  RS- . 
 #R  #S.

) )

. 7.2. RS- ) ) 
 ( .7.2).

 7.2.
 RS-

#R #S Q Q
 1 1 0 1 0
 0 0 1 0 1

1 1
0 0 1 1

Q  R

 S, Q* . 
,  7.1  7.2. . 

 ( . 7.3), , 
 “ ”.

R S

00 01 11 10

Q* 0 0 1 0
1 1 1 0

. 7.3.  RS-
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Q R S
. . 7.3

 RS- :

RQSQ * 0RS .          ( 7.1)

RS- .
. 

(Clock).
. 7.4

a) )

. 7.4.  RS- ) ) 
=0 D2  R=S=0 D2

. =1  RS- .
 RS-  M-S (Master-Slave)

, 
 (Master),  –  (Slave). 
 ( . 7.5).

a) )

. 7.5. RS-  M-S
) ) , 

D2
, D1 RS . 

D1 , 
D2 - . , 

 ( ). 
, =1,

, RS
.
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RS-  M-S .

D-
D- D (Data)

(Clock) ( . 7.6).

a) )

.7.6.  D- ) ) 
=0 D3 , =1

D.  D- :
         ( 7.2).

 D-  RS-  M-S. .
7.7  R-   .

) )

.7.7. D-  M-S: ) , ) 
D-

. 
M-S,  D- . 

 D- , ,
. 7.8.
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. 7.8.  D-
 =  1  D x2  =  x3  =  0

D4 . : Dx1 , Dxx 14 .
,  D2, D3 ,

. 
D=0 x3=1, x2=0, D=1 – x2=1, x3=0. 

: Q D .
D  = 0

D2, D3.  = 1, 
.

JK-
JK-  M-S. 

J (Jump) K (Keer) , 
(Clock) . 7.9).

a) )

. 7.9. JK- ) ) 
JK-  RS- , 

 7.3.

 7.3
 JK-

J K Q Q
 1 1 0 1 0
 0 0 1 0 1

0 0
1 1

,  JK- C=1.

.
 RS- J=K=1 ( )  JK-

, .
 JK-   . 7.10.
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J K

 00 01 11 10

Q* 0 0 0 1 1
1 1 0 0 1

. 7.10.  JK-
. 7.10  JK- :

QKQJQ *    ( 7.3)

, , 
C.

. 
=1. 

:

Q T Q T Q* *            ( 7.4)

 JK- , 
. 7.11.

) )

. 7.11. ) ) 
 J   K  . J=K=1 JK-

 ( . 7.3).
. 7.12, 7.13  TTL-

.
 155 5  D- , 

. 
=1.

 1533 2 
. R   S. 

1RS  D .
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155 5 (  D-
)

1533 2 (
D- )

1533 9 (  D-
)

. 7.12.  D- .
 1533 9 

.
 #R=0.

1533 9 (  JK- ) 155 1 (JK- ) 1533 2 (  RS- )

. 7.13.  JK-  RS-
 J  K  1533TB9 

,   J   K
C  =  1.   155 1   J   K

 3 .  #R S  #S-  1533 9  155 1
.

.
 1533 2.  RS- . 

 #R  #S.  #S1  #S2,
.

8. 

, .
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, . 

. . 
, 

.

(Register) , 
, .

 ( ) . 
,

.

.  D-
 ( . 9.1.).

. 9.1. 

 D1…D4 . 
 ( ) . 

,  ( ).

. , 
,  (

). .

D- .
,

. 
.
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.9.2. 
, , .

 D 
. 

 9.1.
 9.1.

Q1 Q2 Q3 Q4

1 D1

2 D2 D1

3 D3 D2 D1

4 D4 D3 D2 D1

D1…D4
. , 

.

. , 
. , 

) : .
. 9.3, 9.4 ,

.

 531 18 0L
. 1L .

 555 35 
1R . 0R .

 1533 37 
OE , 1OE

.
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531 18

)

555 35

)

1533 37 (

)

. 9.3. 

555 8 (
)

1533 9 (
)

555 11 (
)

. 9.4. 
 555 8 

 #R=1. D1, D2
.  #R =0 .

 1533 9  D 
 #L=0.  #L=1

, 1 2.  #DR
, .

 555 11 , 
 S1, S2 ( . 9.2).
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 9.2.
 555 11

S0 S1
0 0
0 1
1 0
1 1

D0…D3
 #R =1. , DL

)  DR ( ),
.  #R =0 .

 (Counter) , 
. 

, 
. 

. 
,  (Up-

counter),  -  (Down-counter). , 
,  (Up/Down counter).

 ( ) .
 n ,  K -

, . 
nK 2 , 

nK 2 . , 
 10.

,
 ( .

9.5)

. 9.5. 
. 9.5 . 

. , R.
R

. 
. 9.6.
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.9.6. 
 ( . 9.3) ,

, . 
. 9.6. .

 9.3.

 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Q0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
Q1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0
Q2 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 0
Q3 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0

.  0  15. 
. , n-

n2 , , 
n2 .

  , , 
 ( . 9.7).

. 9.7. 

.

. , 
, 
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. , . 9.8, 
.

CU CD.
, CU, , 

. , 
CD, , 

. 
, .

. 9.8. 

. 
. 

,  9.6 
. , 

. , 
, 

,  – , 
. , 

, . , 
, , Q3Q2Q1Q0 = 0111, 

0110,  –  0100, 
 –  0000,  - 

1000.

. 
, 

 ( . 9.9). 
.

. =0
. 

. 
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.

. 9.9. 
 10 

, 
. 

. 9.10 JK , 
J , .

. 9.10. 
 D1 J=K=1 . 

.  D2  J- 3Q .

, 13Q 0Q , 

03Q .

. 9.11. 
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. 9.11  D2 , .
. , 

. D3,  D1, 
. D4, D1, Q2=Q3=1

Q0,  Q2 Q3=0
. : Q2 Q3=0  D4 

; Q2=Q3=1
; Q2=0, 

D4 .
. 9.12  9.13.

1533 5 (
)

555 19 (
)

1533 18 (
)

. 9.12. 
 1533 5 , 

 8. 
 16  Q0

2. 
. : 021 RR .

121 RR .
 555 19 

 R=0.  R=1 

555 13 (
)

1533 6 ( -

)

555 1 (
)

. 9.13. 
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 1533 18 #L=0
DI. : #R = #L=

E1 =E2=1. P
Q0=Q1=Q2=Q3=1.

 555 13  #L =0
DI.  #E =0. U/D=1

, U/D=0 - .
 1533 6 CU

CD , , : PU - PD -
. DI

#L=0. 1R .
 555 1 . 

N2 .  N 
 DI. , .

#R=0 .

10. 

 ( ), 
, 

. 

. 
. 

:
.

,

. 
 20…50 . 

, ,  1 . .
GA (Gate

Array. 
.

 GA , ,
, .

 GA,  –
, 

. 
, 

.
, 1527 1, . 10.1, 

6,35 5,6  12 8=96 
, . 

 44 
 +5  +2,5 .
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. 10.1. 1527 1

NL, OL  NR, OR . 
, 

 ( . 10.2).
 (  1  2),

 ( . 10.3).

.
, 

.
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. 10.2. 
1527 1

. 10.3. 
1527 1

,
. , 1527 1 

32  ( 1- 32)  6 
 ( 01- 06). , 

1527 1, :
o 01… 08 - 

 ( );
o 09… 12 - ,
o 13… 20 -  ( ),
o 21… 28 -  ( ),
o 29… 32 -  ( ),

, ,
.

1527 1 
:

o 01 – ,
o 02 –  TTL- ,
o 03 –  TTL- ;
o 04 –  TTL- ,
o 05 –  p-n-p ,
o 06 – .

, 
. 

, 
. 

.
, 1527 1  16 , 

 165  115 .
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 ( ),
. 

, , . 

, , , 
, 

, , 
.

: , -
, n-  CMOS – . ,  GA

 (  –
).

 10.1.

 10.1.

 ( ) )
1521XM1 4,4 3,3 36 56 1,2
1520 2 4,4 3,3 72 108
1572 1 18, 36, 72 65 1,9
1527 1 TTL 6,35 5,6 96 47 6
1548 1 TTL 7,5 7,3 247 89 5
1598 1 TTL 600 64 7
1801 1 n- 4,2 4,2 520 43 5 8
1806 1 CMOS 5,2 5,2 416 42 4
1515 1 CMOS 6,35 7,15 1012 64 5 10
6501 1 4,5 3,4 25 56 0,15 1000

. 
,

, . 
 10.2 .
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 10.2.

)
) )

LSI Logic 3 7 880….6000 2,2
2 23 554…10013 1,4

1,5 18 980…129042 1,1
Ferranti 3 6 130…2000 2,5 0,3

11 130…4000 7,5 0,1
7 130…2000 15 0,03
13 400…10000 15 0,15
8 400…4000 3 0,07
8 400…4000 10 0,02

, .

11. 

 PLD (Programmable Logic Devices) - ,
, 

. 
 ( )  PLD

, 
. , 
, , 

, 
.

 PLD 
 2 . ,  PLD 

 2 , 
. 

 PLD , 
.  PLD.

 FPLA
FPLA (Field Programmable Logic Array) 
 ( ) — , 

. 
, , 

.  FPLA 
) 

, 
. , 556 2 ( . 11.1) 

  , , ,



81

, 
.

. 11.1. 556 2
556 2 

1… 16.  48
, 

. , 

. 
 ( 1… 48) , 
.  8 , 

1… 48 . S1…S8
. 

 ( ).

. 

. 
.
,

 – .
. 

  . ,
556 2 ( . 11.1  11.2) 

 Vcc = 5 . CS
(CS  =  0),  TTL-

. 1… 16 
, ,

1… 8 .
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. 11.2. 556 2
 Vcc = 5

CS  10 , 1… 6
–  ( 1… 48). , 

,  3…4,5 , 
, , 
 0…0,5  , , 

. 1… 16
 10 .

. 

 17 .

 Vcc = 8,75 . 1… 6 , 
1… 48,  ,   CS  -

 3…4,5 , , 
,  10 . 

 17 ,  CS –
 10 . 

.

1… 8  17 
 CS  3…4,5  Vcc = 0. 

.
 FPLA, , 

 “ ”.

 PAL
PAL (Programmable Array Logic), 

 ( ),  ” ”,  “ ”,
(macro cells) , 

. ( . 11.3). 
, , .
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. 11.3.  PAL
, 1556 4 ( . 11.4) 

, , ,  D- ,
, , ,

.

. 11.4. 1556 4
1556 4  60 , 

 16 
.  16

. 
, ,

.
. 

 8 , 
.

0… 7. 
.

 D- , 
.  D-

.
, 

 CS,  – 
.

.   
 ( . 11.5)  ( 1… 6).
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.11.5. 1556 4
0… 7 

0, 1, 6, 7. 
. 

. 

. 
 CS ( 2… 5) 

 ( 1, 2, 6, 7.

 FPLA.
 PAL 

.  PAL 
, , , . PAL 

, : ,
, .  PAL 

), . 
, .

 PAL  TTL  CMOS .
,  CMOS ,

. 
 PAL  12.1.

 12.1.
 PAL

 PAL (
)

-

)



85

 PAL (
)

-

)
 TTL

PLS101 (Signetics) 556 1 300 28 0 60 
PLS100 (Signetics) 556 2 300 28 0 60 
PLS105 (Signetics) 556 2 300 28 14 60 
PAL16L4 (AMD) 1556 8 300 20 0 25…45 
PAL16R4 (AMD) 1556 4 300 20 4 25…45 
PAL16R4 (AMD) 1556 4 300 20 4 25…45 
PAL16R6 (AMD) 1556 6 300 20 6 25…45 
PAL16R8 (AMD) 1556 6 300 20 8 25…45 

 CMOS
85 060 (Intel) 1558 1 600 24 16 40…100 
85 090 (Intel) 573 330 900 40 24 50…83 

85 22V10 (Intel) 600 24 10 66…100 
85 220 (Intel) 300 20 8 100…120 
85 224 (Intel) 400 24 8 100…120 

, . 
, 

.

 CPLD
CPLD (Complex Programmable Logic Devices), 

 ( ), , 
. 

 PAL, . CPLD, , 
 (  10000 ,  256 ). 

 MAX5000  MAX7000  ALTERA, 
XC7000  XC9500  XILINX, 
(Atmel, Vantis, Lucent .).

 FPGA
 FPGA  (Field Programmable Gate Array), 

 GA, , 
. , ,

, 
, 

. 
.

,  (Look-up
table — LUT),  PMS, D- , 
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 ( . 11.6). 
. 

.

. 11.6. FPGA

 FPGA  1 .
. 

,  ( ),
embedded array block — EAB.  FPGA  XC2000, XC3000,
XC4000, Spartan, Virtex  XILINX; ACT1, ACT2  ACTEL, 
FLEX8000  ALTERA,  Atmel  Vantis.

12. 

. 
 (8  ),   ( 024.1210 ),  ( 576.048.1220 )  

 ( 824.741.073.1230 ).

:
 ( )

. 
. . 

, , .
RAM (Random Access Memory) –

.
 ( )

. , . 
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ROM (Read
Only Memory) - .

.
:

 (Static RAM) (Dynamic RAM).
, 

. 
, 

. 
) .

 SRAM
 (SRAM) . 

k , n . 
nkN  ( ). 

:  ( . 12.1).

mAAAAA ....3210 . 

: Nm 12 . 
, 

DI (Data Input),  CS (Chip Select)
WE (Write Enable), OE (Output Enable).

DO (Data Output).

. 12.1.  SRAM

 DI , , CS
1WE , . 

, . 
 ( D D ) 
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, , , 
.

, 
. . 12.2

 CMOS- .

. 12.2.  CMOS- .
VT1 VT2  n, VT3, VT4 –  

. D D . VT5,
VT6, VT7, VT8 , 

 ( ) :
VT5, VT6 , VT7, VT8 –  .  

D D , 
, 

. 
VT5, VT6,

VT7, VT8 .
. 

, . 
 ( ) . 

, 
.

 SRAM , 
.  SRAM 

 (Asynchronous SRAM),
 CS  (Chip Select),  OE  (Output Enable),  – 

 WE (Write Enable). , 
 ( )

 SRAM  12…20 .
. . 12.3  SRAM 

.
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541 3 (16 1) 132 8 (1 4) 537 8 (2 8)

. 12.3.  SRAM
 541 3 ,  132 8 –

,  537 8 – . 
.  ( ) 1CS ,

. . 
 ( 1 ).

 SRAM 
 256, 512  1024 .

 (Sync Burst SRAM)
 (burst) , 

. 
. 

,  ( , , CS,  OE,  WE), 
CLK (Clock). 

 2 - 3 , 
- .

 16  32 . 
 8,5 – 12 .

 DRAM
 (DRAM)  –

, , . 
. 

,  – . 
, , 

, , . .
10.4 .
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. 12.4.  DRAM
 VT. 

: 
. 

1 2 oU
 VT5  VT6. 

. 
. , .

1.  

 VT1…VT4. 2 
, 

, 
. , . 

. 
. .

. 12.5  DRAM. 
.

 DRAM . 
RAS (Row Address Select),

. 
CAS (Column Address Select),

. 

. .
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. 12.5.  DRAM
(Memory Refresh)

. 
rfT (refresh time)

 8…64 .
 DRAM  1…256 , 

45…250  1, 4, 8, 16, 18, 32  36 . . 12.6
 DRAM.

 4160  8 ,
 CASL  CASH, 

.

565 7
256 1

MCM 4400
1Mx4

MCM 4160
256Kx16

. 12.6.  DRAM
, 

,  RAS 
, 
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 ( . 12.7). 
FPM (Fast Page Mode).  « » 

,  RAS
 « ».

. 12.1.  FPM DRAM
 FPM DRAM 

 CAS .
EDO DRAM (Extended Data Out DRAM),

 DRAM, . 
 CAS, 

.  CAS 
.

. 12.8.  EDO DRAM
BEDO DRAM (Burst EDO DRAM)

 2- , 
. 

, 
 CAS. 

.
 DRAM (SDRAM - Synchronous DRAM) 

, 
. 

 50…70 . 
 DRAM.  SDRAM 

, 
. 

.
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, .
 DRAM ,

. 
DRAM, . 

CDRAM (Cached DRAM). ,  CDRAM  Mitsubishi 
Samsung  4…16  16-  128-

.

 (ROM)
. , 

 ( ) . 
:

o  (mask ROM) – , 
;

o  (OTP ROM – One Time Programmable ROM)
– , ;

o  (EPROM - Erasable Programmable ROM) –

..
 EPROM :

o , EPROM;
o  (EEPROM - Electrically EPROM).

 (Flash Memory),
.

SRAM. , 
. 

, .
 ROM 

. . 12.9 
 mask ROM.

) ) )

. 12.9. ROM
) ) ) 

. 12.9 
, . 

, 
.
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. 12.8 , 
.

. 12.10.  ROM 
0, 1 

 D0…D3 
.  ( ) 

,  –
.  12.1, 

 ( ), . 12.8.

 12.1.
 ROM

1 D0 D1 D2 D3
0 0 1 1 0 0
0 1 0 1 1 0
1 0 1 0 0 1
1 1 0 0 0 1

 mask ROM
 mask ROM . 

, , 
,  ( , .).

.
. 12.11.
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155 21..24 (256 4)

,
, 

555 4 (2 8)

-8

568 2 (8 8)

, , 

. 12.11.  mask ROM

. CS
.

 OTP ROM
(OTP ROM)
, 

. 
 ( ) , .

, 
. . 12.12 

 OTP ROM, .

. 12.12.  OTP ROM

 20…50 .  OTP ROM
. 

 – .
   40…100 , 

 (  100 ).
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556 12 (1 4) 556 6 (2 8) 556 16 (8 8)

. 12.13.  OTP ROM

 EPROM
EPROM  (  100  10 .)

. 
 (  –   –  –

) (  n-
.

.
 (  30 ) 

. 
, 

.

 « » , . 
.

. 12.14. 
, . 

.

. 12.14.  EPROM
, 

.
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. 

. 
 ( ) 
 ( ). 

.

 (  10 ) , 
. 

, , 
. , 

 (  1 ).
 ( ) 

, 
. 

, . 
. .

, 
 ( ).

 EPROM 
 EEPROM 

,  Intel, AMD, Siemens,
Motorola, Atmel. , , 
573.  12.2, , 
EPROM  EPROM  Atmel.

 12.2.  EPROM
573 2

8
573 3

16
573 4

8
573 7
32 8

573 9
128 8

 Atmel AT27BV512
64 8

AT27BV010
128 8

AT27BV020
256 8

AT27BV040
512 8

AT27C080
1M 8

 EPROM . 12.15. , ,
 #CS (Chip Select), 

 #EO (Enable Output),  #PR (Programming),
 Vpp., 0, A1 ….

(Address) 
DIO0, DIO1…(Data Input/Output)



98

573 5
8

573 6
8

AT27V020
256 8

. 12.15.  EPROM
0… n 

,  #CE  #OE – .  Vpp
 Vcc. 

 DIO0….DIO7. 
. 12.16.

. 12.16.  EPROM
 EPROM  tACC  tCE  50-100 , tOE –  20

50 ,  tOH  5-7 .

. ,  Atmel  ( ) 
 Vcc  +6,5 ,  Vpp –  +13 . 

 #CS  #PGM 
 #OE.

. 12.17.
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#CS = 0, #OE = 1

. 12.17.  EPROM
 tPW 

 50 – 100 .
 EEPROM

 (  10 .
) , .

 - . 

. 
, . 

 12.3.
 12.3.

 EEPROM

558 2 8
558 3 8
1601 3 8

AT28LV64 Atmel CMOS 8
AT28LV256 Atmel KMO 32Kx8
AT28LV010 Atmel KMO 128 8
AT28C040 Atmel CMOS 512 8

 EEPROM  ( . 12.18):
o  Vcc  GND ;
o  A0…An;
o  DIO0…DIO7,
o :  CS (Chip Select), 

#OE (Output Enable),  #WE (Write Enable).
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.  12.18.  AT28LV64B
0…. , 

 #CS  #OE – ,  #WE – .
 DIO. 

 EEPROM . 2.16. : tACC 60-250 , tOE
– 30-100 .

 (Byte Write)  A0…An 
(Address),   #CS   #WE  -  ,   #OE  –  

,  DIO0…DIO7 – . 

 #CS  #WE. 
, . 

 #CS  #WE (
). 

. 
. 12.19.

. 12.19.  EEPROM
 tAS   tDH   0   10  .

 tAH  tDS  50-100 , tWP  100  1000 .
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, 
.

, , 
 (Rage Write). 

, 
, .

, , 
,  – .

.  64 – 256.
,  AT28LV64B  64 . 

 (tBLC) 
, , 

.

 EEPROM 
. , 

EEPROM  Atmel  (Hardware Protection):
o , 

;
o

;
o , 

 #CS, #WE, #OE ;
o ,  #CS  #WE

.

 (Software Data Protection). 
, . , 

AT28C256  Atmel 
 0x1555, 0x0AAA, 0x1555 : 0xAA, 0x55, 0xA0.

, 
.
 EEPROM  (Chip

Clear). ,  AT28C16, AT28C17, AT28C64/X  Atmel 
 #CS=0,  +12  #OE  #WE

 10 .

(Optional Chip Erase Mode). ,  AT28C265, AT28C010,
AT28C040, AT28C256  0x5555, 0x2AAA,
0x5555, 0x5555, 0x2AAA, 0x5555  0xAA, 0x55, 0x80, 0xAA, 0x55,
0x10.  20 .

 EEPROM, 
.  EEPROM,  Flash-

. 
 Intel  1988 .
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, . 
, , . 

,  Atmel  Intel.
, ,  ( . 12.20  12.21):

o  Vcc  GND ;
o 0…. n;
o  DIO0….DIO7;
o :  #CS (Chip Select), 

#OE (Output Enable),  #WE (Write Enable).
 #RESET,

.

AT29C040A, AT29F040
512Kx8

AT29C010A, AT29F010
 128Kx8

AT29C512
64Kx8

. 12.20.  Atmel
 A0….An 

(Address),  #CS  #OE – ,  #WE – . 
 DIO0….DIO7. 

 EPROM ( . 12.16).  tACC  70-250
,  tOE –  35 120 .

, .
 AT29 . 

. 
.12.4.

 12.4.
 flash-  Atmel 

AT29C256 32Kx8 512 64x8
AT29C512 64Kx8 512 128x8
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AT29C010A 128Kx8 1024 128 8 8
AT29C020 256Kx8 1024 256 8 8

AT29C040A 512 x8 2048 256 8 16 8

, .
. 

. , 
. 

.

.
, 

. , 
, 

 tBLC = 150 . 

 EEPROM  ( .
12.19).  tAS  tDH  0-10 , tAH=50-100 , tDS=35-100 ,
tWP=70-200 .

 AT49 
.  (Chip Erase)

: 0xAA, 0x55,
0x80, 0xAA, 0x55, 0x10 : 0x5555, 0x2AAA, 0x5555, 0x5555, 0x2AAA, 0x5555.

 10 .
. 

:
0xAA, 0x55, 0x80, 0xA0 : 0x5555, 0x2AAA, 0x5555. 

. ,
 50 .

 flash-memory  Atmel 
(Hardware Data Protection) 

. , , 
 EEPROM.

 flash-  BB (Boot Block)?
.  Atmel

 AT29  BB1  BB2. , 
8. 1 

. 2
. 

 0x00  0x0B 
 BB1  0 111… 2.

 flash-
, (device code) 



104

 (manufacturer code). ,
, .

 Intel -
:

Bulk Erase ( ),
.

Boot Block (BB),
, .  –

 – 
.

SA (Symmetrical Architecture),
Flash File,

.
 12.5 

,  Intel.
 12.5.

 flash-  Intel

28F256 32Kx8 BE
28F512 64Kx8 BE
28F010 128Kx8 BE
28F020 256Kx8 BE
28F001 128Kx8 BB
28F002 256Kx8 BB
28F004 512Kx8 BB
28F008 1024Kx8 BB
28F200 256Kx8, 128Kx16 BB
28F400 512Kx8, 256Kx16 BB
28F800 1024Kx8, 512Kx16 BB
28F002 256Kx8 SA
28F004 512Kx8 SA
28F008 1024Kx8 SA

. 12.21.
Bulk Erase  65…200 .

 10000  100000.

CE (Chip Enable). CE
.
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28F020
256 8 

28F001
128Kx8 BB

28F008
1024Kx8 SA

. 12.21.  Intel
OE (Output Enable) . =0,

=0 . OE=1
.

WE (Write Enable)  CE=0)
.

RP=0 (Reset/Power Down)
 « » .

RP .
RP  +12

Boot- .

 Vpp  12 . 
WE .

Read Memory (  00h) .
Read ID (  90h) – . 

 0 M_Id (Manufacturer
Identifier),  1 – D_Id (Device Identifier).
28F256, 28F512, 28F010, 28F020  B9h, B8h, B4h, BDh.

Set-up Erase/Erase  20h) – 
.  WE.

Erase Verify (  A0h) –  ( ) . 
. 

FFh,  (  10 ) 
 3000, 

.
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Set-up Program/Program (  40h) – 
. , 

.
Program Verify ( 0h) – . 

 (  25 
). .

Reset (  FFh) – . 
. .

, 
Read Memory.  Vpp 

6,5 ) 
 EPROM.

, . 
. 

Boot Block Flash File.
 Boot Block 

, . (Boot Block – 
) .

 8/16 
Flash File

.  – (SA
– Symmetrical Architecture). . 10.5

1. . .- .:  – , 2000.- 528 .
2. . . : / ,

, .- .: , 1991. - 288 .
3. . : .- .:

, 2001.- 488 .
4. : / . .- .: . .,

1985.- 391 .
5. ., . : / 

. .- .: , 1988.- 320 .
6. . : .- .: ,

1989.- 352 .
7. ., . : .- .,

, 1982.- 512 .
8. . . : .- .:

, 1996.- 768 .
9. . /

, , .- .: , 1985.- 432
.

10. . :  4- . - .: , 1987.- 334 .
11. . : / , .- .

, .- .; .: , 1996.- 384 .
12. ., .  // 

. — 1996. —  3-4. — . 26.
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13. . 
.// Chip News

14. ., ., ., . 
 TTL 1548. — . — 1991. —

. 7. — 105 .
15. ., ., ., . 

. — .: . — 1992. — 225 .
16. ., ..  1589 1

17.

. , , . , 
.

. . .
 ATMEL.- C. : .- 1997.
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18.

. , , . , 
.

. ., 
. ., . ..  ALTERA.- C. :

.- 1999
19. : / ., .,

. .- .: , 1994.- 240 .
20. .  ALTERA: 

. – , 2000.- 128 .
21. .  Atmel.- .: ,

1997.- 64 .
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